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1 Introduction
In this contribution, we discuss the ambiguity of PDCCH candidate mapping in TS 38.213. In addition, we provide our views on the remaining issues on DCI size ambiguity for DCI format 0_0/1_0 in CSS and DCI format 0_1/1_1 in USS when they exist in different CORESETs or in a same CORESET with index p, where p ≠ 0. 
2 Clarifications on PDCCH candidate mapping

In Subclause 10.1 of TS 38.213, the following description states the principle of how to count the monitored PDCCH candidate. We denote this description as “Mapping #1”. In our understanding, Mapping #1 reflects the spirit of blind decode. When all conditions listed below are met, only one blind decode is needed for the candidates. 
· Candidates occupy a same set of CCEs

· Have identical scrambling

· Have a same DCI size
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That is, although a candidate is not counted as a monitored PDCCH candidate in Mapping #1, the UE still has to decode it (only CRC check is required without additional decoding effort) by using its corresponding DCI format/RNTI.
However, the yellow part “not counted as a monitored PDCCH candidate)” in Mapping #1 may cause another incorrect interpretation: UE can ignore the DCI formats of PDCCH candidates which are not counted as a monitored PDCCH candidate. In other words, CRC check and further DCI field parsing/interpretation (if CRC passes) are not required. Table 1 shows an example for Mapping #1 with different interpretations.
Table 1. Example of Mapping #1 in different interpretations
	
	Correct Interpretation
	Incorrect Interpretation

	Candidate #1
	DCI format 0_0/1_0 in CSS. CORESET ID is 2, and search space ID is 1

	Candidate #2
	DCI format 0_1/1_1 in USS. CORESET ID is 2, and search space ID is 2.

	DCI formats monitored by UE
	DCI format 0_0/1_0 and 0_1/1_1
	DCI format 0_0/1_0


Proposal #1. Clarify that UE still performs CRC check and DCI field parsing/interpretation (if CRC passes) for a candidate which is not counted as a monitored PDCCH candidate in Mapping #1 of TS 38.213.

As defined in Subclause 10.1 of TS 38.213, when PDCCH candidate is overbooked, the following description states how to do candidate dropping for USS. We denote the description as Mapping #2. 

[image: image2]
Since Mapping #1 and Mapping #2 are both relevant to candidate mapping, their order should be clarified. Otherwise, UE may decode wrong DCI formats based on incorrect candidate mapping/dropping order. The issue was discussed before and had the following agreements in RAN1 #94 meeting. However, at that time, the considered case was PDCCH candidate is dropped due to collision with SSB/rate-matched resources. The clarification should also be made for Mapping #1 to have a clear UE behaviour.
Agreements:
· PDCCH BD/CCE counting is only based on the configured PDCCH decoding candidates (i.e., irrespective of whether or not a PDCCH decoding candidate is dropped, e.g., due to collision with other channels/signals)
· Check further offline on potential spec impact

Our understanding is UE performs Mapping #2 first, then Mapping #1. The UE complexity is lower when it always checks the candidate overbooking and dropping based on the RRC configured candidate number.

Proposal #2: Clarify that UE performs Mapping #2, i.e., overbooking and dropping, first, then Mapping #1, i.e., monitored PDCCH candidate counting.
3 Remaining issues on DCI format size ambiguity
The DCI size ambiguity for DCI format 0_0/1_0 in CSS and DCI format 0_1/1_1 in USS in CORESET #0 was resolved in RAN1 #96 meeting. The conclusion was made as below.
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However, the DCI size ambiguity may still happen when the DCI formats are in different CORESETs or in a same CORESET with index p, where p ≠ 0. When DCI format 0_0/1_0 and DCI format 0_1/1_1 occupy a same set of CCEs and have identical scrambling, UE cannot differentiate the DCI format due to DCI size ambiguity and same RNTI. Although this may be a corner case and can be avoided by network, e.g., configure pdcch-DMRS-ScramblingID. However, it cannot be guaranteed that the corner case will not happen. To have a unified solution, we propose that the same conclusion which is for DCI formats in CORESET #0 can be provided.
Proposal #3: UE is not expected to handle the following case:

is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set and a second PDCCH candidate for a DCI format 0_1 and a DCI format 1_1 from a USS set in different CORESETs or in a same CORESET with index p, where p ≠ 0, on an active DL BWP, and
· the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_1/1_1 associated with the second PDCCH candidate have same size, and

· the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and

· the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and

· the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_1/1_1 for the second PDCCH candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI
4 Conclusion

To have clear UE behaviour on PDCCH candidate mapping, the clarifications are needed. Therefore, we propose
Proposal #1. Clarify that UE still performs CRC check and DCI field parsing/interpretation (if CRC passes) for a candidate which is not counted as a monitored PDCCH candidate in Mapping #1 of TS 38.213.
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Proposal #2: Clarify that UE performs Mapping #2, i.e., overbooking and dropping, first, then Mapping #1, i.e., monitored PDCCH candidate counting.

[image: image5]
In addition, to avoid the DCI size ambiguity for DCI format 0_0/1_0 in CSS and DCI format 1_0/1_1 in USS when they are in different CORESETs or in a same CORESET with index p, where p ≠ 0, the UE behaviour should be clarified. We propose the unified solution as the case that DCI formats are in CORESET #0 is applied.
Proposal #3: UE is not expected to handle the following case:

is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set and a second PDCCH candidate for a DCI format 0_1 and a DCI format 1_1 from a USS set in different CORESETs or in a same CORESET with index p, where p ≠ 0, on an active DL BWP, and
· the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_1/1_1 associated with the second PDCCH candidate have same size, and

· the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and

· the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and

· the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_1/1_1 for the second PDCCH candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI
Mapping #1


A PDCCH candidate with index � EMBED Equation.3 ��� for a search space set � EMBED Equation.3 ��� using a set of CCEs in a CORESET � EMBED Equation.3 ��� on the active DL BWP for serving cell � EMBED Equation.3 ��� is not counted as a monitored PDCCH candidate if there is a PDCCH candidate with index � EMBED Equation.3 ��� for a search space set � EMBED Equation.3 ���, or if there is a PDCCH candidate with index � EMBED Equation.3 ��� and � EMBED Equation.3 ���, in the CORESET � EMBED Equation.3 ��� on the active DL BWP for serving cell � EMBED Equation.3 ��� using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index � EMBED Equation.3 ��� is counted as a monitored PDCCH candidate.





Mapping #2


For all search space sets within a slot � EMBED Equation.3 ���, denote by � EMBED Equation.3 ��� a set of CSS sets with cardinality of � EMBED Equation.3 ��� and by � EMBED Equation.3 ��� a set of USS sets with cardinality of � EMBED Equation.3 ���. The location of USS sets � EMBED Equation.3 ���, � EMBED Equation.3 ���, in � EMBED Equation.3 ��� is according to an ascending order of the search space set index. 


Denote by � EMBED Equation.3 ���, � EMBED Equation.3 ���, the number of configured PDCCH candidates for CSS set � EMBED Equation.3 ��� and by � EMBED Equation.3 ���, � EMBED Equation.3 ���, the number of configured PDCCH candidates for USS set � EMBED Equation.3 ���. 


For the CSS sets, a UE monitors � EMBED Equation.3 ��� PDCCH candidates requiring a total of � EMBED Equation.3 ��� non-overlapping CCEs in a slot. 


The UE allocates monitored PDCCH candidates to USS sets for the primary cell having an active DL BWP with SCS configuration � EMBED Equation.3 ��� in slot � EMBED Equation.3 ��� according to the following pseudocode. A UE does not expect to monitor PDCCH in a USS set without monitored PDCCH candidates.


Denote by � EMBED Equation.3 ��� the set of non-overlapping CCEs for search space set � EMBED Equation.3 ��� and by � EMBED Equation.3 ��� the cardinality of � EMBED Equation.3 ��� where the non-overlapping CCEs for search space set � EMBED Equation.3 ��� are determined considering the monitored PDCCH candidates for the CSS sets and the monitored PDCCH candidates for all search space sets � EMBED Equation.3 ���, � EMBED Equation.3 ���.


Set � EMBED Equation.3 ��� 


Set � EMBED Equation.3 ���


Set � EMBED Equation.3 ���


while � EMBED Equation.3 ��� AND � EMBED Equation.3 ���


allocate � EMBED Equation.3 ��� monitored PDCCH candidates to USS set � EMBED Equation.3 ��� 


� EMBED Equation.3 ���;


� EMBED Equation.3 ���;


� EMBED Equation.3 ��� ;


end while








Conclusion:


UE is not expected to handle the following case:


is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set and a second PDCCH candidate for a DCI format 0_1 and a DCI format 1_1 from a USS set in a CORESET with index zero on an active DL BWP, and


the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_1/1_1 associated with the second PDCCH candidate have same size, and


the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and


the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and


the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_1/1_1 for the second PDCCH candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI








Mapping #1 in TS 38.213


A PDCCH candidate with index � EMBED Equation.3 ��� for a search space set � EMBED Equation.3 ��� using a set of CCEs in a CORESET � EMBED Equation.3 ��� on the active DL BWP for serving cell � EMBED Equation.3 ��� is not counted as a monitored PDCCH candidate if there is a PDCCH candidate with index � EMBED Equation.3 ��� for a search space set � EMBED Equation.3 ���, or if there is a PDCCH candidate with index � EMBED Equation.3 ��� and � EMBED Equation.3 ���, in the CORESET � EMBED Equation.3 ��� on the active DL BWP for serving cell � EMBED Equation.3 ��� using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index � EMBED Equation.3 ��� is counted as a monitored PDCCH candidate.





Mapping #2


For all search space sets within a slot � EMBED Equation.3 ���, denote by � EMBED Equation.3 ��� a set of CSS sets with cardinality of � EMBED Equation.3 ��� and by � EMBED Equation.3 ��� a set of USS sets with cardinality of � EMBED Equation.3 ���. The location of USS sets � EMBED Equation.3 ���, � EMBED Equation.3 ���, in � EMBED Equation.3 ��� is according to an ascending order of the search space set index. 


Denote by � EMBED Equation.3 ���, � EMBED Equation.3 ���, the number of configured PDCCH candidates for CSS set � EMBED Equation.3 ��� and by � EMBED Equation.3 ���, � EMBED Equation.3 ���, the number of configured PDCCH candidates for USS set � EMBED Equation.3 ���. 


For the CSS sets, a UE monitors � EMBED Equation.3 ��� PDCCH candidates requiring a total of � EMBED Equation.3 ��� non-overlapping CCEs in a slot. 


The UE allocates monitored PDCCH candidates to USS sets for the primary cell having an active DL BWP with SCS configuration � EMBED Equation.3 ��� in slot � EMBED Equation.3 ��� according to the following pseudocode. A UE does not expect to monitor PDCCH in a USS set without monitored PDCCH candidates.


Denote by � EMBED Equation.3 ��� the set of non-overlapping CCEs for search space set � EMBED Equation.3 ��� and by � EMBED Equation.3 ��� the cardinality of � EMBED Equation.3 ��� where the non-overlapping CCEs for search space set � EMBED Equation.3 ��� are determined considering the monitored PDCCH candidates for the CSS sets and the monitored PDCCH candidates for all search space sets � EMBED Equation.3 ���, � EMBED Equation.3 ���.


Set � EMBED Equation.3 ��� 


Set � EMBED Equation.3 ���


Set � EMBED Equation.3 ���


while � EMBED Equation.3 ��� AND � EMBED Equation.3 ���


allocate � EMBED Equation.3 ��� monitored PDCCH candidates to USS set � EMBED Equation.3 ��� 


� EMBED Equation.3 ���;


� EMBED Equation.3 ���;


� EMBED Equation.3 ��� ;


end while
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